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RESEARCH ARTICLE InTRoduCTIon
The genus Diaporthe is an economically important group of plant pathogenic fungi causing diseases on a wide range of crops, ornamentals and forest trees (Farr et al. 2002a , b, Crous 2005 , Udayanga et al. 2011 . Accurate species identification is vital for controlling the diseases caused by these fungi as well as for implementing quarantine regulations (Rossman & Palm-Hernández 2008 , Cai et al. 2011 , Shivas & Cai 2012 . Until recently, species of Diaporthe have been defined based on morphology and host association. However, patterns of host association and speciation have yet to be fully understood within Diaporthe. Multiple species of Diaporthe can often be found on a single host and a single species of Diaporthe can be associated with many different hosts (Crous 2005 , van Niekerk et al. 2005 , Santos & Phillips 2009 , Diogo et al. 2010 , Gomes et al. 2013 . Using molecular data, much progress has been made towards identifying and characterising emerging pathogens, prevalent endophytes and saprobes in the genus Diaporthe (Santos & Phillips 2009 , Diogo et al. 2010 , Luongo et al. 2011 , Udayanga et al. 2012a , b, Thomidis et al. 2013 ).
Modern systematic accounts of Diaporthe have used DNA sequence data as the most accurate means to circumscribe species within this genus (Rehner & Uecker 1994 , Castlebury et al. 2003 , van Rensburg et al. 2006 . Markers used in contemporary phylogenetic revisions include the complete nuclear ribosomal internal transcribed spacer regions (ITS) and more recently partial sequences of actin (ACT), beta-tubulin (TUB), calmodulin (CAL), histone H3 (HIS), mating type genes (MAT 1-1-1 and MAT 1-2-1) and translation elongation factor 1-alpha (EF1-α) (van Niekerk et al. 2005 , Diogo et al. 2010 , Udayanga et al. 2012a , b, Gomes et al. 2013 . Multigene phylogenetic species delineation has become the most effective tool for taxonomic studies of fungi compared to traditional mating experiments and morphology (Taylor et al. 2000 , Dettman et al. 2003 . Although the ITS region is often useful for identification of Diaporthe species, multi-gene phylo genetic analyses are required for accurate reconstruction of species boundaries and relationships (Udayanga et al. 2012a , Gomes et al. 2013 . Intraspecific variation observed in ITS sequences in several species of Diaporthe can cause confusion in species recognition when used alone (Farr et al. 2002a , b, Santos et al. 2010 .
Diaporthe citri is a pathogen that causes melanose and stem end rot disease of Citrus spp. throughout the world (Whiteside & Timmer 2000a , Mondal et al. 2007 ). Melanose disease can affect young leaves and fruits of different species and varieties of Citrus causing black blemishes on fruit rind and small, black, raised lesions often surrounded by yellow necrotic halos (Timmer & Kucharek 2001) . Symptoms of the disease may vary with host variety, geographic location, seasonal occurrence, ecophysiological factors and severity of infection (Timmer & Fucik 1976 , Whiteside 1977 , Kucharek et al. 1983 ). The range of symptoms varies from small spots, scab lesions and mudcake to star melanose on different tissues of Citrus spp. (Timmer 2000 , Whiteside & Timmer 2000a , Agostini et al. 2003 . Perithecia and pycnidia are only produced on dead and dying twigs and on fruit affected by stem end rot. Because perithecia are rarely formed, conidia produced by pycnidia are the primary source of inoculum (Bach & Wolf 1928 , Kuhara 1999 . Although the biology and epidemiology of melanose are well studied, the phylogenetic relationships of the causal organisms, genetic variability and population structure have not been investigated (Burnett 1962 , Moherek 1970 , Mondal et al. 2004 , 2007 . Diaporthe pathogens of Citrus are usually identified as D. citri in taxonomic and plant pathological studies and regional checklists (Timmer & Kucharek 2001 , Udayanga et al. 2011 . In addition to D. citri, several other species of Diaporthe have been reported from Citrus, often as Phomopsis. These include D. ci trincola described from the Philippines, Phomopsis californica from California, P. caribaea from Cuba and P. cytosporella (as Phoma cytosporella) from Italy, which have all previously been considered synonyms of D. citri (Rehm 1914 , Fawcett 1922 , 1936 , Horne 1922 . Yamato (1976) recognised four unidentified morphological species on Citrus spp. in Japan. Diaporthe citri was also considered a synonym of D. medusaea by Wehmeyer (1933) who also listed D. californica, P. citri and P. citrincola as host or ecological forms of D. medusaea. Others followed this synonymy including Punithalingam & Holliday (1973) and Whiteside & Timmer (2000a) . The name D. medusaea is used in several articles and checklists for the fungus causing melanose and stem end rot, therefore, the true host range and geographic distribution of D. citri are difficult to determine (Kobayashi 1970 , Pantidou 1973 , French 1987 Brayford (1990) . Colony diameters on PDA were recorded at intervals of 24 h for 1 wk and used to calculate the growth rate of eight replicates per isolate. After 1 wk, colony size and colour of the colonies (Rayner 1970 ) and zonation were recorded. 
Species limits in

MATERIALS And METHodS
Isolates and morphology
Strains of
DNA extraction, PCR and sequencing
Mycelial scrapings (50 -60 mg) from the leading edge of cultures on PDA, incubated for 4 -5 d at 25 °C were harvested and lysed in tubes containing 500 µm garnet media and a 6 mm zirconium bead (OPS Diagnostics, Lebanon, NJ, USA) with the Fast Prep FP120 (Fischer Scientific Inc, Waltham, MA, USA) for 20 s. Genomic DNA was extracted with the DNeasy Plant Mini Kit (Qiagen, Inc., Valencia, CA, USA) according to the manufacturer's instructions. The ACT, CAL, EF1-α, ITS and TUB gene regions were amplified following the conditions outlined in Table 2 on a Bio-Rad Dyad Peltier thermal cycler in a 25 µL reaction volume: 10 -15 ng genomic DNA, 12.5 µL Quick load Taq 2x Master Mix (New England BioLabs, Ipswich, MA, USA), 1 µL 10 mM of each primer and 1 % DMSO with volumes adjusted to 25 µL with nuclease-free water. PCR products were visualised by electrophoresis in 1 % agarose gels stained with SYBR Safe DNA Gel Stain (Invitrogen, Eugene, OR, USA). Excess primers and dNTPs were removed from PCR amplification mixtures with ExoSAP-IT (USB Corp., Cleveland, OH, USA) according to the manufacturer's instructions. Amplicons were sequenced using the BigDye Terminator v. 3.1 cycle sequencing kit (Life Technologies, Grand Island, NY, USA) on an Applied Biosystems 3130xl Genetic Analyzer using the primers used to amplify each of the gene regions (Table 2 ).
New primer design and PCR optimisation
Complete failure of amplification of the isolates in the D. foeni culina clade (Fig. 1) and evidence of non-specific priming in the sequences of the CAL gene region was observed when using the CAL-228F/CAL-737R (Carbone & Kohn 1999) or CL1/ CL2A (O'Donnell et al. 2000) primer sets. Additionally frequent failures of sequencing when using ACT-512F/ACT-783R (Carbone & Kohn 1999) were encountered in this clade. On closer inspection of ACT and CAL multiple sequence alignments for Diaporthe, non-specific binding sites were observed for both ACT-783R and CAL-228F primers (Carbone & Kohn 1999) .
A sequence alignment consisting of both complete and partial sequences of CAL from Neurospora crassa (L02964), Pyricu laria grisea (AF089808), Apiognomonia errabunda (DQ313615, DQ313596), Ophiognomonia clavigignentijuglandacearum (GU993756), Diaporthe lusitanicae (JX197416), D. melonis (JX197417), D. ampelina (as Phomopsis viticola in GenBank) (AY745032), D. phaseolorum (JX197418, JX197419), D. rudis (JX197447), D. sclerotiodes (JX197420) and D. eres (as Pho mopsis sp. OH-48 in GenBank, AY745025) was generated to design a new internal forward primer (CAL563F) located in the region corresponding to exon 4 in the N. crassa calmodulin gene (Table 2) .
A sequence alignment of both complete and partial sequences of the actin gene from Neurospora crassa (U78026), Gaeumanno myces graminis (AY424309), Hypocrea orientalis (JQ238613), Magnaporthe oryzae (XM003719823), Fusarium oxysporum f. cubense (JQ965663), Thielavia terrestris (XM003649706), Nectria haematococca (XM003050001), Colletotrichum gloeo sporioides f. sp. malvae (AF112537), Cleistogenes songorica (FJ972820), Verticillium alboatrum (XM003008431), Phaeo sphaeria nodorum (XM001791742), Pyrenophora teres f. teres (XM003298028), Gibberella zeae (XM387511), Diaporthe neo theicola (JQ807344), D. vaccinii (JQ807322) and D. ampelina (as Phomopsis viticola in GenBank, JN230390) revealed that non-specific binding sites for the ACT-783R (Carbone & Kohn 1999) primer exist in Diaporthe resulting in the frequent failures of amplification and sequencing. To eliminate these problems a new reverse primer (ACT-878R) was designed. The primer combination of ACT-512F/ACT-878R was used for amplification with isolates in which amplification failed with the primer combination ACT-512F/783R in this study (Table 1) .
Gradient PCR and reagent optimisations were used to develop the standard protocols for amplification of ACT and CAL genes (Table 2) . Twelve reactions across an annealing temperature gradient of 50-65 °C for each of the test isolates were performed in three replicates. Optimal annealing temperatures were determined by the intensity of the amplicons visualized by agarose gel electrophoresis. Also the addition of 1 % DMSO to the PCR mix was used to enhance the reaction. Existing and newly designed primers used to amplify ACT and CAL were evaluated for thermal properties, hairpin formation and self-complementarities using the online platforms of OligoCalc (http://www.basic.northwestern.edu/biotools/oligocalc.html) and the Sequence Manipulation Suite (http://www.bioinformatics.org/sms2/pcr_primer_stats.html).
Sequence alignment and phylogenetic analysis
Raw sequences were assembled with Sequencer v. 4.9 for Windows (Gene Codes Corp., Ann Arbor, MI, USA). The assembled consensus sequences were initially aligned with Clustal W and optimised with MAFFT v. 7 using default settings (http://mafft. cbrc.jp/alignment/server/) and adjusted manually where necessary (Katoh & Standley 2013) . Newly generated ITS sequences were analysed with all available type-derived sequences listed in Udayanga et al. (2011 Udayanga et al. ( , 2012a to determine the preliminary identifications of the isolates. Sequences from isolates recognised as D. citri, D. cytosporella, D. foeniculina and D. rudis were analysed with a selected set of additional ITS sequences available in GenBank identified using the NCBIs BLAST search and authenticated by the publications where sequences were reported. To more fully resolve closely related species, single gene phylogenies were inferred for ACT, CAL, EF1-α, ITS and TUB and a selected set of isolates were subjected to a multigene combined analysis. Trees were rooted with D. helianthi (CBS 592.81), which was determined to fall outside of the clades included in this study (trees not shown).
PAUP v. 4.0b10 (Swofford 2002 ) was used to perform maximum parsimony analyses. Trees were inferred using the heuristic search option with 1 000 random sequence additions. Maxtrees were unlimited, branches of zero length were collapsed and all multiple equally parsimonious trees were saved. Descriptive tree statistics for parsimony (Tree Length (TL), Consistency Index (CI), Retention Index (RI), Related Consistency Index (RC) and Homoplasy Index (HI)) were calculated for trees generated in a parsimony analysis. Evolutionary models for phylogenetic analyses were selected independently for each locus using MrModeltest v. 2.3 (Nylander 2004 ) under the Akaike Information Criterion (AIC) implemented in both PAUP v. 4.0b10 and MrBayes v. 3. Phylogenetic reconstructions of concatenated and individual gene-trees were performed using both Bayesian Inference (BI) Markov Chain Monte Carlo and Maximum Likelihood (ML) criteria. Bayesian reconstructions were performed using MrBayes v. 3.1.2 (Huelsenbeck & Ronquist 2001) . Two simultaneous analyses, each consisting of six Markov chains, were run for 1 000 000 generations with trees sampled every 100 generations resulting in 20 000 total trees. The first 2 000 trees, representing the burn-in phase of the analyses were discarded from each run and the 16 000 remaining trees were used for calculating posterior probabilities (PP).
Maximum likelihood trees were generated using the software RAxML v 7.4.2 Black Box (Stamatakis 2006 , Stamatakis et al. 2008 in the CIPRES Science Gateway platform (Miller et al. 2010) . For the combined dataset all free modal parameters were estimated by RAxML with ML estimate of 25 per site rate categories. The combined five-gene dataset was partitioned by gene region. The RAxML software accommodated the GTR model of nucleotide substitution with the additional options of modelling rate heterogeneity (Γ) and proportion invariable sites (I).
These analyses utilised the rapid bootstrapping algorithm in RAxML in XSEDE high performance online computing service. Phylogenetic trees and data files were viewed in MEGA v. 5 (Tamura et al. 2011 ), TreeView v. 1.6.6 (Page 1996) and FigTree v. 1.4 (Rambaut & Drummond 2008) .
Genealogical sorting index
The rooted gene genealogies resulting from each of the single gene analyses of ACT, CAL, EF1-α, ITS and TUB were submitted to the genealogical sorting index (gsi) parallel computing resource (http://www.genealogicalsorting.org/) for analysis. The gsi estimates the degree of exclusive ancestry of individuals in labelled predefined groups in a rooted tree (Cummings et al. 2008) . Values range from 0 to 1 with 0 corresponding to a lack of genealogical divergence from other groups and 1 corresponding to monophyly for the predetermined clade (or species). Each isolate was assigned to a predetermined species based on Genealogical Concordance Phylogenetic Species Recognition (GCPSR) and the gsi was calculated for the best tree selected in parsimony analysis and for all trees using 10 000 permutations (Cummings et al. 2008) . The assignment of each tip to groups representing the recognised species was identical for 10 CBS187.27 Camellia Italy (P. theicola, D. theicola) Fig. 2 The single most parsimonious tree generated from the analysis of the EF1-α sequence alignment. MP/RAxML bootstrap values/Bayesian posterior probabilities ≥ 70 % are displayed above or below each branch. Ex-type and ex-epitype culture numbers are in bold. GenBank accessions are given for downloaded sequences and isolate codes for the newly generated sequences annotated with host and location. Isolates from Citrus are indicated in green. The tree is rooted with D. helianthi (CBS 592.81) .
the EF1-α and combined phylogenetic trees (Fig. 2, 3) . Taxa in the ITS tree that were not present in EF1-α and combined trees were not included in the calculation of gsi. The gsi and each of the probability values (P) corresponding to the species represented by more than one isolate were tabulated (Table 3) . Species with one representative isolate including the outgroup were not subjected to gsi analysis. The ensemble genealogical sorting index (gsi T ) is the sum of the gsi values calculated for all individual gene trees (Table 3 ).
All the novel sequences were deposited in GenBank and the sequence alignments were submitted to TreeBASE (www.treebase.org) as S14141 (ITS), S14146 (EF1) and S14147 (combined alignment). Taxonomic novelties (MB) and typifications (MBT175959 -MBT175968) were registered in MycoBank (www.mycobank.org) (Crous et al. 2004) .
RESuLTS
Phylogenetic analysis
Three hundred new sequences were generated in this study from 77 cultures ( Fig. 3 The single most parsimonious tree generated from the analysis of the combined ACT, CAL, EF1-α, ITS and TUB sequence alignment. MP/RAxML bootstrap values/Bayesian posterior probabilities ≥ 70 % are displayed above or below each branch. Ex-type and ex-epitype culture numbers are in bold. GenBank accessions are given for the downloaded sequences and isolate codes for the newly generated sequences annotated with host and location. Isolates from Citrus are indicated in green. Red squares indicate the epitypes designated in this study including the conserved ex-type of Diaporthe citri in Rossman et al. (2013) . The tree is rooted with D. helianthi (CBS 592.81). of the alignment properties and nucleotide substitution models are provided in Table 3 . Phylogenetic trees inferred from EF1-α and ITS to show the phylogenetic placement of species and a combined alignment of five genes are presented with annotations for species, host and geographic origin ( Fig. 1-3 ). Individual gene trees for ACT, CAL and TUB did not markedly differ from the EF1-α and ITS gene trees and are not shown.
ITS phylogenetic analysis
The ITS sequence alignment contained 126 sequences including the outgroup taxon (Table 3) . Maximum parsimony analysis resulted in 45 equally most parsimonious trees (TL = 209, CI = 0.684, RI = 0.977, RC = 0.668, HI = 0.316). BI and ML trees were identical to the MP tree presented in Fig. 1 
EF1-α phylogenetic analysis
The EF1-α data matrix contained 77 sequences including the outgroup and consisted of 429 characters including gaps (Table 3) . Maximum parsimony analysis yielded a single most parsimonious tree and is presented here as 
Combined analysis of five genes
The combined data matrix consisted of 74 isolates including the outgroup with 2 033 characters included in the maximum parsimony analysis (Table 3 ). The maximum parsimony analysis of the alignment yielded a single most parsimonious tree presented here as Fig. 3 (TL = 1302, CI = 0.720, RI = 0.961, RC = 0.692, HI = 0.280). The MP, BI and ML trees generated were identical. A total of 13 clades were resolved in the combined phylogenetic tree. Table 3 Comparison of alignment properties in parsimony analysis of genes and nucleotide substitution models used in phylogenetic analysis. Table 4 Genealogical Sorting Index (gsi) and probability values (P) for gene trees of species resolved in this study.
Species
Analysis of gsi data
All gsi values were in range of 0. were determined to be a suitable primer pair under the criteria given including percentage GC, self-annealing, GC clamp, hairpin formation and length. They were used to eliminate the problems in amplification and sequencing encountered in this study. Use of this primer pair resulted in an amplicon overlapping c. 300 bp of the 500-bp CAL-228F/CAL-737R fragment. However, two additional introns, each c. 60 -100 bp in length, are found in the extended sequence obtained using the primers CAL-563F/CL2A. One of these informative introns in Diaporthe is not found in either of the N. crassa or P. grisea reference sequences used as references for primer design.
The newly designed reverse primer for actin (ACT-878R) worked well in combination with ACT-512F for isolates that failed with the ACT-512F/ACT-783R primer combination and resulted in an amplicon of c. 350 bp in length. The extended 3' region of the newly generated amplicons was not included in the analyses as the majority of the sequences were generated with primer pairs ACT-512F/ACT-783R and it consisted entirely of exon sequence with little variation among isolates.
Taxonomy
In this section we provide modern descriptions and illustrations of the species resolved here based on multi-gene phylogenetic analyses and morphological characters. Traverso & Spessa 1910 . A conservation proposal has been published to continue the use of the widely used name for the species associated with melanose or stem end rot of Citrus as D. citri (Rossman et al. 2013) . Diaporthe citri based on the basionym Phomopsis citri H.S. Fawc. has priority over the later synonyms D. citrincola and P. caribaea. This is also in accordance with the change to unit nomenclature with the older genus Diaporthe serving as the correct name for all species in DiaporthePhomopsis (McNeill et al. 2012) . No type specimen for P. citri could be located at BPI or FLAS, leaving only an illustration (Fawcett 1912 ) as a potential, but unsatisfactory, iconotype, thus P. citri is proposed for conservation with a new type specimen (Rossman et al. 2013) . The type specimens of D. citrincola and P. caribaea were examined and contributed to the conclusions that these names are synonyms of D. citri. A lectotype of P. caribaea is designated.
The fruiting structures of D. citri are found on dead twigs, stems and fruits of Citrus affected by melanose and stem end rot (Wolf 1926 , Fawcett 1932 , Whiteside & Timmer 2000b . The fungus generally propagates itself on dead twigs of Citrus. A few days after infecting leaf tissue or fruit, the melanose symptoms appear as small, brown, discrete or confluent, sunken spots. A few epidermal cell layers on infected tissue are killed and become impregnated with reddish brown gum that later become raised black pustules (Timmer 2000) . Although pustules on leaves are initially surrounded by yellow halos, they recover and become green again and corky pustules are often the only symptoms (Bach & Wolf 1928 , Nelson 2008 . Fungal structures such as pycnidia or perithecia are never visible in these melanose lesions, therefore, the fungus cannot be observed in the infected leaves or fruit. When the fruiting structures are present on dead twigs or bark of the stems, the pycnidia or ascomata are abundant deep in the tissue. Perithecia unknown. Pycnidia on alfalfa twigs on WA: globose, 150-200 μm diam, mostly embedded in tissue and erumpent at maturity, up to 450 μm diam, 65 -100 µm high, with an elongated black neck, often with a yellowish conidial cirrus extruding from ostiole; walls parenchymatous consisting of 3-4 layers of medium brown textura angularis. Paraphyses lacking. Conidiophores 7-18 × 1-2 μm, hyaline, smooth, branched or unbranched, ampulliform, cylindrical, wider at base, occurring in dense clusters. Conidiogenous cells phialidic, cylindrical, terminal, with slight tapering towards apex, 0.5 -1 μm diam. Alpha conidia (6.9 -)8 -9(-12.6) × (2.3 -)2.6 -3.2 μm (av. ± SD = 8.8 ± 0.9 × 3.0 ± 0.3, n = 30), aseptate, hyaline, smooth, ovate to ellipsoidal, biguttulate or multi-guttulate, base subtruncate, occasionally larger alpha conidia present in culture and on alfalfa stems. Beta and gamma conidia not observed on alfalfa twigs or in culture.
Culture characteristics -In dark at 25 °C for 1 wk, colonies on PDA relatively slow growing, 4.0 ± 0.2 mm/day (n = 8). On PDA white, fluffy aerial mycelium, reverse with ash colour pigmentation developing in centre. In a 2-wk-old culture, clusters of black, branched stromata occurring in concentric rings with sporulating pycnidia.
Host Notes -Diaporthe cytosporella is phylogenetically closely related to D. foeniculina but clearly distinguished based on ITS and EF1-α sequences (Fig. 1, 2) . The species was first described from Italy and later synonymised under D. citri. Although in this study this species is primarily recognized using isolates from Citrus limon in Europe (Spain) and the United States (California), two ITS sequences (FJ94470, AY745085) from GenBank are 100 % identical suggesting that this species may also occur on Vitis and other host species in California (retrieved on 1 Feb. 2013). At maturity cultures of D. cytosporella (AR5148 and AR5149) on PDA produce distinctive black, branched stromata. Perithecia were not observed in culture. Morphological characters were highly similar among the type specimen (Fig. 6 ) and the isolates used in epitype and genetically similar additional materials examined.
Diaporthe foeniculina (Sacc.) Udayanga & Castl., comb. nov Perithecia on decaying twigs black, globose to subglobose (200 -)360 × 200 µm, scattered, solitary or in groups, with tapering perithecial necks barely protruding through epidermis. Asci unitunicate, 8-spored, sessile, cylindrical to clavate, (40-)50.5-60.5(-65) × 8-10(-12.2) µm. Ascospores hyaline, 2-celled, often with four guttules, larger guttules near centre and smaller ones at ends, elongated to elliptical, (9.0-)12.4-14(-15.2) × (3.2-)3.4-3.6(-5.2) μm (av. ± SD = 13.2 ± 0.8 × 3.5 ± 0.1, n = 30). Pycnidia on alfalfa twigs on WA: globose to subglobose 400 -700 µm diam, erumpent at maturity, (300-)500-800(-930) µm high, with an elongated, black neck, mostly embedded in tissue, often with a yellowish, drop-like conidial cirrus extruding from ostiole; walls parenchymatous, consisting of 2-3 layers of medium brown textura angularis. Paraphyses lacking. Conidiophores hyaline, smooth, unbranched, cylindrical, straight to sinuous, 9-15(-18) × 1-2 μm. Conidiogenous cells phialidic, cylindrical, terminal, with slight taper towards apex, 0.5-1 μm diam. Alpha conidia aseptate, hyaline, smooth, ellipsoidal or fusiform, with none, two or many guttules, rarely with subtruncate base, (7.5 -)8.5 -9(-9.2) × (2-)2.3-2.5(-2.7) μm (av. ± SD = 8.8 ± 0.3 × 2.4 ± 0.1 μm, n = 30). Beta conidia hyaline, aseptate, eguttulate, hamate or slightly curved, abundant, base subtruncate, acute apex, (20-)22-28(-29) × (1.1-)1.4-1.6(-2) μm (av. ± SD = 25.1 ± 3.3 × 1.5 ± 0.1 μm, n = 30). Culture characteristics -In dark at 25 °C for 1 wk, colonies on PDA slow growing, 5.2 ± 0.2 mm/day (n = 8), white, sparse aerial mycelium, greenish yellow pigmentation developing in reverse centre.
Host range -Acacia, Acer, Actinidia deliciosa, Aspalathus linearis, Bougainvillea spectabilis, Camellia sinensis, Castanea, Citrus limon, C. limonia, Crataegus, Diospyros, Foeniculum vulgare, Fuchsia, Hydrangea, Juglans, Malus, Olea, Prunus, Pyrus, Quercus, Rhus, Ribes, Vitis vinifera and Wisteria sinen sis. In addition to the hosts on the specimens listed below, these hosts are represented in Fig. 1 based on the ITS phylogeny and Gomes et al. (2013) as D. foeniculacea.
Distribution -Argentina, Australia, Europe (Greece, Portugal, Spain, Italy), New Zealand, South Africa and USA (California).
Type specimens examined. FranCe, on stems of Foeniculum 'arvensis ', Brunaud, cited in Phillips (2003) Notes -Diaporthe foeniculina is known to occur on Citrus and many other woody plants hosts in temperate and tropical regions. This species causes a stem end rot of lemandarin (Citrus limonia) in Europe and the United States (California) and was observed as a saprobe on branches of this host. As D. neotheicola, this species has been reported to cause diseases of temperate and tropical fruits from Australia, Europe and South Africa. Our results indicate that isolates from Citrus in Spain are conspecific with the type isolate of the recently described D. neotheicola from Foeniculum as well as isolates from other hosts now considered to be D. foeniculina. We reviewed the possible synonyms of this species based on available molecular data, living cultures and type specimens. The specimen deposited in LISE 94792 corresponding to the living culture CBS 111554 was selected as the epitype specimen for Phoma foeniculina, now recognised as D. foeniculina. Molecular data derived from the epitype of Phoma foeniculina, now D. foeniculina, and additional isolates show that this taxon is conspecific with the ex-type isolates of D. neotheicola and P. theicola (Phillips 2003 , Santos & Phillips 2009 , Gomes et al. 2013 ) as well as isolates from Citrus in Spain. The name D. neotheicola has been widely used for this taxon (Santos & Phillips 2009 , Udayanga et al. 2012a , Thomidis et al. 2013 .
Phomopsis foeniculina (syn. Phoma foeniculina) was considered a synonym of D. foeniculacea (syn. Sphaeria foeniculacea) by Phillips (2003) . We examined the type specimen of Sphaeria foeniculacea and agree with von Arx & Müller (1954) who recognised this species as Guignardia foeniculacea (Mont.) Arx & E. Müll. (as G. foeniculata) . Gomes et al. (2013) used the name D. foeniculacea to refer to this species based on Phillips (2003) . However, observation of type specimens of Sphaeria foeniculacea confirmed that this name cannot be applied to a species of Diaporthe. This is further explained under the excluded species.
Although type specimens of Phomopsis theicola and D. theicola could not be located, an ex-type culture of P. theicola exists as mentioned by Santos & Phillips (2009) . They stated that P. theicola was not the same as D. theicola based on the illustrations in the protologues of these taxa and described the name D. neotheicola for the sexual state of P. theicola, with an ex-holotype culture from Foeniculum. However, measurements of asci and ascospores in Curzi's (1927) original description of D. theicola are consistent with those of D. foeniculina specimens examined in this study. We agree with the opinion of Curzi (1927) that D. theicola and P. theicola are known sexual and asexual states of the same fungus, simultaneously described from the same specimen and therefore here we epitypify the name D. theicola with Curzi's ex-type culture of P. theicola. 27-31(-35 .2) × (3-)3.4-3.8(-4.2) μm (av. ± SD = 29.5 ± 2 × 3.6 ± 2, n = 30). Gamma conidia aseptate, hyaline, smooth, fusiform, mostly biguttulate, base subtruncate (10 -)14 -15 × 1-2 μm (av. ± SD = 14.4 ± 0.2 × 1.7 ± 0.24, n = 30). Culture characteristics -In dark at 25 °C for 1 wk, colonies on PDA relatively slow growing, 4.2 mm/day, white, fluffy aerial mycelium, reverse with yellow pigmentation developing in centre.
Host range -Acer, Asphodelus albus, Aucuba japonica, Brugmansia, Castanea, Corylus, Dipsacus fullonum, Epilobium, Eucalyptus, Fagus, Fraxinus, Holcus, Hydrangea, Ileostylis, Laburnum, Lupinus, Malus, Protea, Pyrus, Rosa, Sambucus, Salix, Vaccinium and Vitis vinifera. In addition to the hosts on the specimens listed below, these hosts are represented in Fig. 1 Notes -One of the names mentioned in Phillips (2003) is Diaporthe foeniculacea (Mont.) Niessl (basionym Sphaeria foeniculacea Mont.), a name that has been confused with Phomopsis foeniculina (basionym Phoma foeniculina). We observed three isotype specimens of D. foeniculacea in BPI and confirmed the status of this species as a Guignardia (sexual morph of Phyllosticta) as suggested by von Arx & Müller (1954) , unrelated to Diaporthe. One of these specimens is here designated the lectotype.
dISCuSSIon
Melanose and stem end rot of Citrus have been reported from the United States since the late 18th century killing twigs and causing a minor form of gummosis by latent infection (Floyd & Stevens 1912 , Fawcett 1936 . A disease of Citrus to which the common name melanose is applied was first recognised near Citra, Florida, by Swingle & Webber in 1892 (Floyd & Stevens 1912) . The stem end rot disease was investigated in Florida by Burger (1923) and Winston et al. (1923) . Phomopsis citri was first described from the United States (Florida) as a pycnidial fungus on dead branches and decayed fruits of Citrus aurantium, C. decumana and C. nobilis (Fawcett 1912 Fisher (1972) used the concept of Wehmeyer (1933) and considered Phomopsis cytosporella as the valid name for D. citri based on the chronology of names. However, this interpretation was not adopted by plant pathologists or taxonomists. In our study P. cytosporella is determined to be a distinct taxon in Diaporthe, D. cytosporella, and epitypified based on fresh collections from Europe.
In addition to the association with Citrus in the United States, Diaporthe citri is confirmed here in Brazil, China, Korea and New Zealand and appears to be widespread in Asia, Australasia and South America. Based on sampling in this study, we did not find D. citri to occur in Europe or any sequences in public databases corresponding to D. citri from Europe. However, our results suggest that this species may be pantropical. The genetic similarities of the isolates of D. citri from Asia where Citrus originated with those found worldwide suggest a long standing co-existence and the probable widespread movement of the pathogen with its host. Diaporthe citri was the dominant species causing melanose and stem end rot symptoms among the recent collections from Citrus spp. throughout China (Huang et al. 2013) . Two newly described species discovered in north central China (Shaanxi Province) in the same study, Diaporthe citiasiana and D. citrichinensis, were primarily associated with dead wood of Citrus unshiu (satsuma mandarin) and not with melanose and stem end rot diseases. Gomes et al. (2013) included two species from Citrus from Suriname in their analysis, Diaporthe arecae and an unidentified species. None of these species were encountered in this study. This indicates that numerous species are associated with Citrus worldwide and it is likely that more will be discovered.
Diaporthe foeniculina (referred to as D. foeniculacea in Gomes et al. 2013 , see taxonomy section) is found to be a pathogen of diverse hosts ranging from crops to temperate woody plants and fruit trees. The recent reports of D. foeniculina (as D. neotheicola) causing diseases of temperate cultivated fruit trees including shoot blight of persimmon in Australia and kiwifruit disease in Greece suggest potential for this species to infect a wide range of fruits as an opportunistic pathogen (Golzar et al. 2012 , Thomidis et al. 2013 . Although a number of isolates from Citrus in California are identified in this study as D. foeniculina, its pathogenicity on Citrus in California is unknown. Herbarium specimens previously identified as D. citri intercepted at ports in the United States on the fruits of Citrus limonia from Spain were identified morphologically as D. foeniculina (BPI 615878: intercepted in New York, 1940; BPI 747926, BPI 747927, BPI 1107900: intercepted in New Jersey, 1987) . A living culture (MEP1289-1) from BPI 1107900 was used in the phylogenetic analyses in this study and is confirmed as D. foeniculina.
Phylogenetic analysis of ITS sequence data was able to resolve the closely related species D. canthii, D. cytosporella, D. foeni culina and D. pterocarpi. Although the ITS sequence analysis resolved a clade corresponding to the recently described D. rhusicola, this clade was not supported by the ACT, CAL, EF1-α or TUB gene regions, individually or in the multi-gene phylogeny. Inspection of the ITS sequences for this group of isolates (D. foeniculina and D. rhusicola) indicated that the ITS differences consisted of two deletions and one transition in the ITS1 and two transitions in the ITS2 region. Alternatively, in the case of D. cynaroidis and D. rudis, ITS sequences do not definitively distinguish the two species although EF1-α, CAL, HIS and TUB do distinguish the two species.
In the case of D. rudis (referred to as D. viticola in van Niekerk et al. 2005 and Gomes et al. 2013) and D. australafricana, the ITS1 region differs by a single transition while the ITS2 region shows minor differences over a span of c. 7 bp consisting of three transitions, one transversion and one deletion. The CAL gene differs by one transition and isolates of D. rudis share a 9 bp insertion in ACT not found in D. australafricana. Data from Gomes et al. (2013) (Latorre et al. 2012 , Elfar et al. 2013 . Although closely related, the low but consistent variation found in the sampled genes is considered sufficient to recognise D. australafricana as a distinct phylogenetic species in agreement with van Niekerk et al. (2005) , Udayanga et al. (2012a) and Gomes et al. (2013) . However, additional isolates of both taxa would be desirable in order to further investigate population structure and species boundaries.
Much confusion in the literature exists in how to interpret the ITS sequences of closely related species in Diaporthe and authors treat observed variation in ITS sequences in different ways (Farr et al. 2002a , b, Murali et al. 2006 ). This can result in superfluous, multiple terminal branches in combined gene analyses, even when other gene regions do not support these distinctions. Additionally Santos et al. (2010) showed the occurrence of two phylogenetically distinct ITS populations within an unidentified species of Diaporthe based on the sequencing of single ascospore-derived isolates from the same perithecium. Sequence differences were confined to the ITS1 region over a span of c. 40 bp and are more extensive than those differences noted among isolates of a single species in this study. Sequence differences were not noted in the EF1-α and mating type genes in their analyses and the isolates were fully reproductively compatible ).
While we consider ITS rDNA sequences to be useful as barcodes for identification of known, circumscribed Diaporthe species, we suggest that caution is warranted when differences are noted in the absence of other data and that at the minimum EF1-α should be used to confirm identities of Diaporthe species. The EF1-α gene region amplified by primers EF1-728F/EF1-986R has given the most consistent results when analysing available ex-type sequences of reliably identified and vouchered species (Castlebury 2005 , Udayanga et al. 2012a . Phylogenetic signals observed in protein coding genes are generally considered superior to rRNA genes, although there is less standardisation in terms of universal primers, genes or even regions of genes sequenced for fungi (Schoch et al. 2012) . However, results from this study suggest that use of CAL and TUB genes can be problematic with the potential for incorrect species identification in Diaporthe due to non-specific priming and the resulting poor sequence quality (CAL) or potential paralogy (TUB), necessitating critical evaluation of sources of conflict in gene trees.
Epitypification is recognised as the best approach to resolve long standing taxonomic and phylogenetic issues of known taxa that are poorly circumscribed, thus providing a modern interpretive type (Hyde & Zhang 2008) . There is an unprecedented need for mycologists to return to the field to recollect species, fully characterise taxa with DNA sequences and morphological descriptions and epitypify species in Diaporthe, which includes a large number of names not linked to DNA sequence data or ex-type cultures (Hyde et al. 2010a , b, Ko-Ko et al. 2011 , Udayanga et al. 2011 . Several modern studies aimed at epitypification of important pathogens in Diaporthe provide clarification and knowledge of the phylogeny and species boundaries within the genus (Castlebury et al. 2003 , van Niekerk et al. 2005 , Rensburg et al. 2006 , Diogo et al. 2010 , Udayanga et al. 2012b , Gomes et al. 2013 . Application of genealogical concordance and/or gsi in combination with epitypification can provide critical insights into speciation processes, ecology and host associations (Sakalidis et al. 2011 , Gazis et al. 2011 , Mejia et al. 2011 , Silva et al. 2012 , Walker et al. 2012 ).
Species circumscription should only be undertaken in conjunction with rigorous application of multi-gene analyses and genealogical concordance. In addition best practices for introduction of new names should require a thorough investigation of existing names and type specimens. This is particularly important to prevent additional superfluous names in a genus such as Dia porthe with an abundance of existing names including those in Phomopsis. A total of 2 453 results are returned when searching for Diaporthe and Phomopsis ITS sequences in the NCBI GenBank databases. A search using the terms 'Phomopsis sp.' (Organism) AND 'internal transcribed' (All Fields) returned 922 sequences; substituting 'Diaporthe sp.' returned 341 sequences (http://www.ncbi.nlm.nih.gov, retrieved 3 April 2013), which suggests that c. 51 % of all Diaporthe and Phomopsis ITS sequences in GenBank are unidentified. Of the 49 % that do have species names, many do not include culture or specimen vouchers and it is likely that the majority are misidentified or named without a proper taxonomic revision. As sequence data accumulate in public databases, the need for correctly identifying and vouchering sequences, particularly from ex-type or epitype cultures, becomes pressing as these data are being used for identification of pathogens by plant pathologists and in public health and quarantine situations.
